• CONCLUSION: OCTA enables the non-invasive, layerspecific and quantitative assessment of microvascular changes both before and after treatment, and can therefore be used as a valuable imaging tool for the evaluation of the follow-up in CRVO patients.
INTRODUCTION
C entral retinal vein occlusion (CRVO) is a common sight-threatening retinal vascular disorder that can lead to severe visual impairment or even blindness [1] . Because it obstructs the central retinal venous outflow, CRVO induces fairly severe macular edema, which is the predominant cause of visual deterioration [2] [3] . Nevertheless, timely treatment of macular edema significantly improves visual prognoses. Currently, intravitreal anti-vascular endothelial growth factor (VEGF) is a revolutionary treatment for macular edema secondary to CRVO. Conbercept, a novel and effective anti-VEGF agent, is a fusion protein that blocks all isoforms of VEGF-A, VEGF-B, VEGF-C, and placental growth factor (PIGF) and exhibits a substantially high blinding affinity for VEGF and a long half-life in the vitreous humor, and it has been broadly used in China [4] . Therefore, intravitreal injection with conbercept represents an excellent option with a satisfactory safety profile and efficacy when used to treat macular edema to improve visual acuity in CRVO [5] [6] . Although many features of CRVO have been extensively evaluated using fundus photography, spectral domain optical coherence tomography (SD-OCT), and fluorescein angiography (FA), potential abnormalities in the retinal microvasculature cannot be comprehensively identified using these techniques. Recently, optical coherence tomography angiography (OCTA) was introduced as a non-invasive, promising imaging technique that enables the detection of retinal and choroidal diseases and allows more detailed imaging of vascular microstructures without the use of exogenous dyes compared to FA [7] . More recently, the AngioAnalytics software was upgraded, and can now automatically detect the foveal avascular zone (FAZ) margin and quantify the latest FAZ parameters, including the foveal avascular zone perimeter (PERIM), the acircularity index (AI), and the vessel density within a 300-μm width ring surrounding the FAZ (FD-300).
Several previous clinical studies used OCTA to evaluate the retinal vascular changes that occur in CRVO, which include microaneurysms, telangiectasia, FAZ area and macular nonperfusion area (NPA) [8] [9] [10] . Recently, the short-term changes in the FAZ area and macular vessel density in eyes with macular edema due to diabetic retinopathy or CRVO after a single intravitreal injection of bevacizumab, aflibercept or ranibizumab were reported by Ghasemi Falavarjani et al [11] . However, no previous study has performed a followup analysis of patients with CRVO complicated by macular edema who were treated with the novel anti-VEGF drug conbercept and evaluated using OCTA. It also remains unclear what changes occur in these novel FAZ parameters quantified based on a retinal slab instead of the separated superficial retinal capillary plexus (SCP) and deep retinal capillary plexus (DCP) between before and after treatment and whether these changes affect visual function. Therefore, in the current study, we aimed to use OCTA to quantitatively analyze changes in the retinal microvasculature in CRVO patients with macular edema who were treated with conbercept and evaluate correlations between these changes and best-corrected visual acuity (BCVA) and retinal thickness. In addition, we for the first time reported the latest FAZ parameters in CRVO eyes before and after anti-VEGF treatment.
SUBJECTS AND METHODS Ethical Approval
This was a retrospective case series of patients with macular edema caused by CRVO. Our study was formally reviewed and approved by the Ethics Committee of Zhongshan Ophthalmic Center (Guangzhou, China 2017KYPJ101) and conducted in accordance with the tenets of the Declaration of Helsinki. Written informed consent was obtained from each participant prior to enrollment in the study. Subjects In this study, twenty-eight patients with unilateral CRVO complicated by macular edema diagnosed based on a history, ophthalmoscopy, and FA were enrolled at the Zhongshan Ophthalmic Center from November 2016 through May 2018. When the non-perfused area was larger than 10-disc areas on FA, CRVO was defined as an ischemic type. A group of 28 age-and sex-matched healthy subjects were included as a control group. All patients received a single intravitreal conbercept injection to treat macular edema at the initial visit and were followed up as the post-injection group at one month after treatment. The main inclusion criterion was the presence of macular edema associated with CRVO that was treated by an intravitreal injection of conbercept. In addition, we required the central retina thickness to be greater than or equal to 320 μm based on the methods described by Sun et al [5] . The exclusion criteria were eyes with branch retinal vein occlusion, hemi-CRVO, retinal arterial occlusion, previous retinal surgery, ocular trauma or other coexisting ocular disorders, such as severe diabetic retinopathy, epiretinal membrane, retinitis pigmentosa, age-related macular degeneration (AMD), polypoidal choroidal vasculopathy (PCV), glaucoma, and pathologic myopia, that could affect the interpretation of OCTA quantitative parameters. Moreover, patients with poorquality OCTA images because of eye movements, significant media opacities or incorrect autosegmentation were also excluded from this study. A complete ophthalmic examination, including the assessment of BCVA using a Snellen chart, slit-lamp biomicroscopy, intraocular pressure, indirect fundus ophthalmoscopy and OCTA (Software Version 2017.1, RTVue XR Avanti, AngioVue; Optovue, Inc., Fremont, CA, USA) was performed before and at one month after intravitreal injection of conbercept in CRVO eyes, as well as in control eyes. Optical Coherence Tomography Angiography Using default settings in the OCTA system, an SCP image was taken to encompass the areas from the internal limiting membrane (ILM) to -10 μm below the inner plexiform layer (IPL), a DCP image was taken from -10 μm below the IPL to 10 μm below the outer plexiform layer (OPL), the outer retina slab (for avascular retina) was imaged from 10 μm below the OPL to -10 μm below Bruch's membrane (BRM); and the choriocapillaris (for the choroid capillaries) was imaged from -10 μm below the BRM to 30 μm below the BRM. In cases of severe macular edema, which can cause potential segmentation errors, specific manual correction was performed by two specialists. Moreover, the AngioAnalytics software automatically overlays the Early Treatment Diabetic Retinopathy Study (ETDRS) grid which is comprised of 3 concentric rings, centered on an automatically detected foveal center, representing the foveal, parafoveal and perifoveal regions from inside to outside with diameters of 1, 3 and 5 mm, respectively. The outer rings are further divided into 4 sectors (temporal, superior, nasal and inferior) for quadrant analysis or 2 hemispheres (superior-hemi and inferior-hemi) defined by a horizontal line drawn through the foveal center. Foveal Avascular Zone, Vessel Density, Flow Area and Retinal Thickness Measurements Based on an Angio Retina scan, FAZ parameters are automatically quantified on a retina slab, which was set to evaluate the region from the ILM to 10 μm below the OPL. The FAZ measurement values obtained included the FAZ area and PERIM, the AI and the FD-300. The AI was defined as the ratio between the measured perimeter and a perimeter with the same size circular area, with a perfectly circular FAZ having an AI equal to 1. We quantitatively evaluated vessel density, which was defined as the percentage area occupied by OCTA-detected vasculature in the selected region, in the fovea and different sectors of parafovea at the superficial and deep en face slabs [12] . Furthermore, the vascular flow area was evaluated and automatically calculated as the area occupied by the vasculature in a 1-mm radius circle centered on the fovea in the choriocapillaris. In addition, the full retinal thickness was set to incorporate the region from the ILM to the retinal pigment epithelium (RPE). The software provided a retina map scan that was used to automatically quantify the full retinal thickness of the scanned area, which included the foveal region, parafoveal region and perifoveal region; this was then combined with a color-coded map to distinguish whether the retina had thickened or thinned.
In our study, we used OCTA built-in software to analyze OCTA parameters, including the flow area, FAZ and vessel density, in CRVO eyes with the aim of exploring differences between measurements acquired before and after treatment. We further analyzed associations between these parameters and BCVA and retinal thickness. Statistical Analysis The BCVA data were converted to the logarithm of the minimum angle of resolution (logMAR) before statistical analysis. Quantitative data that were normally distributed were analyzed using the Student's t-test. The relationships between OCTA parameters and logMAR BCVA as well as retinal thickness were analyzed using the Pearson correlation coefficient. Statistical analysis was performed using GraphPad Prism 6.0 (La Jolla, CA, USA) software. All collected data are presented as the mean±standard deviation (SD Retinal Thickness The full retinal thickness of the fovea and that of different sectors of the parafoveal and perifoveal regions were significantly higher in CRVO patients than in healthy subjects. After treatment, there was a notable reduction in retinal thickness in the foveal, parafoveal, and perifoveal regions. In addition, the comparisons between the post-injection group and normal group in retinal thickness in the foveal, parafoveal, and perifoveal regions were also statistically significant, indicating that macular edema was significantly reduced but the mean retinal thickness was not completely reduced to normal in the early stage of treatment.
The results for full retinal thickness are shown in Table 1 .
Optical Coherence Tomography Angiography Findings
The results of OCTA parameters evaluated in control eyes, pre-injection eyes and post-injection eyes are shown in Table 2 . First, in terms of the latest FAZ parameters, the AI was markedly higher in CRVO eyes than in healthy eyes, suggesting that the pathological FAZ border was more tortuous in the CRVO group. After treatment, the mean AI was decreased but the difference was not significant. Moreover, the FD-300 was notably lower in pre-treatment CRVO eyes than in healthy eyes, and no significant changes were observed after treatment. There were also no statistically significant differences in the FAZ area and PERIM among the three groups. Second, the flow area in the choriocapillaris was dramatically lower in CRVO eyes than in the controls. After conbercept therapy, the flow area of the choriocapillaris was significantly improved in CRVO eyes. Finally, for vascular densities in the whole images and different sectors of parafoveal regions in the SCP and DCP, they were all significantly lower in the CRVO group than in the control group. In contrast, the foveal vessel densities of the SCP and DCP were slightly higher in CRVO eyes than in healthy eyes, but this difference was not statistically significant. After treatment, there was a slight but non-significant increase in vessel density in the whole images and parafoveal regions of SCP and DCP in CRVO eyes. In contrast, there was a slight reduction in post-treatment foveal vascular density in the SCP and DCP. Representative images demonstrating the changes observed in vessel density and flow area between pre-and post-treatment eyes when measured on OCTA are shown in Figure 1 .
Correlation Analysis of Different Parameters
In the current study, we also analyzed the relationship between OCTA parameters and logMAR BCVA as well as retinal thickness. Overall, there was no correlation between logMAR BCVA and any OCTA parameters either before or after treatment. Morphological parameters, including foveal and parafoveal retinal thickness, were negatively correlated with the flow area of the choriocapillaris at baseline (r=-0.5645, P=0.0033; r=-0.4645, P=0.0168, respectively). There was no correlation between OCTA parameters and foveal and parafoveal retinal thickness after treatment. Moreover, we evaluated the correlations between the duration time after onset of CRVO and OCTA parameters as well as logMAR BCVA. Noteworthily, the duration time after onset of CRVO is positively correlated with the PERIM (r=0.4121, P=0.0405), which suggests that the longer the duration time after onset of CRVO, the more irregular the FAZ boundaries at baseline. DISCUSSION Macular edema can occur during the course of CRVO and is a major complication that can lead to severe impairment of central vision. Increased production of VEGF plays a pivotal role in the development of macular edema caused by retinal vein occlusion (RVO). Hemodynamic changes occurring early in RVO reduce retinal perfusion, leading to an increase in the release of VEGF. This increase in the level of VEGF is a crucial contributor to the progression of retinal non-perfusion and worsened retinal ischemia and edema, which cause visual impairment [13] [14] . Hence, numerous studies have shown that inducing a timely and aggressive blockade against VEGF with anti-VEGF therapy provides a marked visual benefit and substantially reduces retinal thickening in eyes with RVO-related macular edema [2, 5, [15] [16] ; this result was further confirmed in our study. In the current study, the mean logMAR BCVA and the full retinal thickness obtained on OCTA in the foveal, parafoveal, and perifoveal regions were all significantly decreased after conbercept therapy. The impact of intravitreal conbercept injection on vascular density has not previously been investigated utilizing OCTA in eyes with CRVO complicated by macular edema. Overall, we found that the vessel density of the whole image and all different sectors of parafovea both in the SCP and DCP was significantly lower in the CRVO group than in the control group, in accordance with previous studies [9, 12, 17] . After a single intravitreal conbercept injection, the vessel density of whole image and of all quadrants of parafovea was slightly increased in the SCP and DCP, but these difference were not significant, consistent with other studies [11] [12] 17] . Moreover, several studies have demonstrated that timely treatment with anti-VEGF agents helps to prevent the progression of retinal non-perfusion and promotes reperfusion in RVO eyes [14, 18] . Kang et al [9] found that ischemic changes did not significantly affect foveal vessel density because the FAZ area occupies a large portion of the fovea. Consistent with this finding, in our study, we found that the foveal vessel density was only slightly higher in the SCP and DCP in CRVO eyes than in control eyes and slightly reduced after treatment. Although we had adjusted the significant segmentation errors as much as possible by manually altering the segmentation lines, macular edema may still cause small segmentation errors in the foveal region, which could account for the differences in the foveal vessel density before and after treatment.
No previous study has analyzed the blood flow area in the choriocapillaris in eyes with CRVO. We therefore evaluated this parameter in our study. We found that the flow area in the choriocapillaris was significantly smaller in CRVO eyes than in healthy eyes. We speculated that the shadowing effect of fluid accumulation due to macular edema may cause the attenuated Optical Coherence Tomography signal, thereby leading to potential overestimation of the degree of decreased vascular perfusion in the choriocapillaris [19] . After conbercept therapy, the flow area of the choriocapillaris markedly increased, which may also result from the reduction of shadowing effect caused by the attenuation of macular edema. Furthermore, we found that the baseline flow area of the choriocapillaris was negatively correlated with foveal and parafoveal retinal thickness, indicating that more severe macular edema is associated with lower perfusion in the choriocapillaris. Despite the frequency of this disease, the nature of the retinal and choroidal hemodynamic changes that are caused by CRVO is not yet clear and remains speculative. In addition, we performed the first analysis of the latest FAZrelevant parameters, including the FAZ area, the PERIM, the AI and the FD-300, on a retina slab in CRVO eyes both before and after anti-VEGF treatment. There have been conflicting regarding the changes in FAZ area between pre-and posttreatment because the size of the FAZ is highly variable in the general population, which complicates how these data can be interpreted. Our findings are in line with those of Winegarner et al [20] , who reported that the FAZ area was statistically unchanged during the course of 12mo of anti-VEGF therapy in RVO patients. In addition, the AI was markedly higher in CRVO eyes than in healthy eyes, and this may contribute to distinguish between the control and CRVO patient groups. Several limitations of our study included the small sample, the short-term follow-up with only one injection and latent segmentation errors in the presence of macular edema.
In conclusion, OCTA, a non-invasive and promising technique, can be used to obtain quantitative data and more detailed information regarding the vascular network of the SCP, DCP, outer retina and choriocapillaris in eyes with CRVO. Our study results demonstrate that retinal vessel density was lower in CRVO eyes with macular edema than in healthy subjects and was not significantly altered at one month after intravitreal conbercept treatment. The changes observed in a retinal slab in the latest FAZ-relevant parameters including the FAZ area, the PERIM, the AI and the FD-300 as well as the flow area in choriocapillaris, should be further investigated in a study with a larger sample size, a longer follow-up period, and more injections to confirm our findings.
